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Strengths and limitations of this study
► This is the first large-scale retrospective study to investigate the impact of smoking on postoperative outcomes in Japan. ► The number of patients included and the number undergoing postoperative complications were large enough to conduct analysis with ample statistical power. ► As a limitation, smoking status was determined only using self-reported Brinkman Index, making it likely that some smokers who may not have reported their smoking status correctly were included in the never-smoker group; in addition, smoking status just before the surgery was unknown. Patients who had quit smoking before the surgery were included in the ever-smoker cohorts. ► Furthermore, this was an investigation of the relationship between smoking status and incidence of complications; severity of complication was not considered, although it could affect total medical cost during the hospital stay.
AbStrACt
Objectives The purpose of this study was to investigate the effects of smoking on prognosis after elective surgeries. Incidence of 30-day postoperative complications was compared between propensity score-matched 'eversmoker' and 'never-smoker' cohorts. Thirty-day mortality and medical costs during the hospital stay were also compared.
Design and setting A large-scale retrospective study using deidentified administrative claims data obtained from 372 acute care hospitals across Japan using the Diagnosis Procedure Combination system (ie, a flat-fee payment system).
Participants Inpatients who were hospitalised to undergo elective surgery. Primary and secondary outcome measures The primary endpoint of this study was incidence of 30day postoperative complications. Secondary endpoints were 30-day mortality and total medical costs during hospitalisation. Comparison between ever-smokers and never-smokers was conducted using matched cohorts created by 1:1 propensity score matching. results Using 561 598 eligible patients, matched eversmoker and never-smoker cohorts (n=1 55 593 each) were created. Ever-smokers were defined as patients with Brinkman Index ≥1. The percentage of patients who were male was 76.7%, and mean ages for ever-smokers and never-smokers were 65.1±13.8 years old and 66.4±15.3 years old, respectively. The Brinkman Index of the ever-smoker cohort was 677.6±553.4. Smoking was significantly associated with higher risk of 30-day postoperative complications compared with not smoking (OR 1.15, 95% CI 1.13 to 1.17, p<0.001). Similarly, smoking was significantly associated with postoperative 30-day mortality, with OR of 1.22 (95% CI 1.08 to 1.39, p=0.002).
Conclusions Our results suggest that smoking could be associated with risk of poor postoperative outcomes. In particular, a history of smoking may increase the risk of 30-day postoperative complications as well as that of 30day mortality. The results suggest that smoking might have a harmful effect on postoperative outcomes irrespective of types of surgery.
IntrODuCtIOn
The number of tobacco smokers has been decreasing over the last decade in most Western countries, while the percentage of smokers is still increasing in some developing countries. 1 Tobacco smoking is still one of the major causes of mortality and morbidity worldwide. 2 3 In particular, it is well known that smoking is strongly associated with cardiovascular diseases, pulmonary diseases and cancer. In addition, it is also thought that smoking could increase the risk of poor postoperative outcomes, in ways including impaired wound healing, 4-7 infections 7-9 and cardiopulmonary complications. [8] [9] [10] Randomised controlled trials have shown that preoperative cessation of tobacco smoking could result in decreased rates of postoperative complications. 11 12 These results suggest
Open access that smoking is associated not only with pathogenesis and worsening of various diseases but also with poor prognosis of patients after surgery. It should be noted that 30-day postoperative mortality after elective surgery has been reported to be around 2%. 13 14 Thus, smoking is naturally not a factor in all these deaths, but could be a major cause. In Japan, the population has been rapidly ageing and the number of elderly patients undergoing surgery is also increasing. Harmful effects of smoking have been suggested in studies that used cohorts including younger patients, but there are few data on older patients, who are at higher risk of postoperative complications and even death.
The current study was a large-scale retrospective analysis investigating the effects of smoking on prognosis after elective surgeries. Incidence of 30-day postoperative complications was compared between propensity score (PS)-matched ever-smoker and never-smoker cohorts. Thirty-day mortality and medical cost during the hospital stay were also compared.
MAterIAlS AnD MethODS Study design and data source
This retrospective study investigated the effect of active smoking on postoperative outcomes in inpatients undergoing elective surgery. The study used deidentified data obtained from Medical Data Vision (MDV) (Tokyo, Japan), which consisted of administrative claims and insurance claims data obtained from 372 acute care hospitals across Japan using the Diagnosis Procedure Combination (DPC) system (a flat-fee payment system). This database comprised both inpatient and outpatient data (for a total of 25 million patients as of August 2018). It includes demographic characteristics of patients, including age and gender distributions, very similar to those of national statistics in Japan. The database is commercially available and based on a contract between Pfizer Japan and MDV; thus, we could access the data, which did not include any information that could be used for the identification of individuals. This study did not need institutional review board approval or informed consent from each individual whose data were considered, based on the Japanese 'Ethical Guidelines for Medical and Health Research Involving Human Subjects'. The protocol was internally approved by a scientific and ethical review board of Pfizer.
Study population
Among patients registered in the database, adults (20 years of age or older) who were hospitalised to undergo elective surgery were eligible. Among them, patients meeting the following criteria were included: (1) patients who had a record of discharge from the indexed hospitalisation, irrespective of reason for discharge, such as recovery, transfer to another hospital or death, (2) patients whose duration of postoperative hospital stay was at least 3 days and (3) patients whose smoking status at the time of admission was available. Patients with less than 3 days of postoperative hospital stay were not included, because in Japan, patients with minor surgery under local anaesthesia are generally discharged within 3 days. The following patients were excluded: (1) patients whose smoking status was unknown, (2) patients who underwent repeated surgeries on different dates during hospitalisation, (3) pregnant women, (4) patients undergoing haemodialysis, (5) patients whose surgery date was before 1 March 2011 and (6) patients whose data required for the analysis were missing. If patients had multiple records of hospitalisation for independent elective surgeries, only the earliest-appearing records were used for the analysis.
Smokers were defined using the Brinkman Index as of the day of admission. The Brinkman Index measures number of cigarettes smoked per day times smoking years (eg, 1 pack year, ie, 1 pack (20 cigarettes) per day × 1 year smoking=Brinkman Index 20) . If the Brinkman Index was greater than 0, the patient was considered as an eversmoker irrespective of their current smoking status, and if 0, a never-smoker. Former smokers were included in the ever-smoker group if their Brinkman Index was greater than 0. Patients were excluded from the analysis if their Brinkman Index was unknown.
Statistical analysis
The date of the elective surgery was defined as the 'index date' for each patient, and the period of 120 days before the index date was defined as the baseline period. Demographic and clinical features of each patient during the baseline period or on the index date were collected to characterise the patients. Comorbid diseases were defined using ICD-10 (International Statistical Classification of Diseases and Related Health Problems) codes (see online supplementary table 1), and variables collected from the database are shown in online supplementary table 2.
Propensity score matching (PSM) In this study, matched cohorts (ever-smokers vs neversmokers) were created from crude cohorts categorised by the Brinkman Index. PS (probability of being a smoker) was estimated for each subject by unconditional logistic regression analyses that incorporated potential factors associated with smoking as independent variables in the regression and smoking status as the outcome. The following covariates obtained during the 120-day baseline period or on the index date were included in the logistic regression: index date, age at admission date, gender, heart failure diagnosis, coronary heart disease diagnosis, renal dysfunction diagnosis, liver dysfunction diagnosis, hypertension diagnosis, diabetes mellitus diagnosis, cancer diagnosis and chronic obstructive pulmonary disease (COPD) diagnosis. To create matched pairs (ever-smokers with never-smokers as reference), a 1:1 PSM method without replacement was used. We applied the nearest neighbour method within calliper matching technique (width=0.01 times the SD of the logit of the PS). Standardised differences were calculated to assess the balance of covariates between ever-smoker and neversmoker groups. If the standardised difference was less than 10%, the covariates were considered balanced. All analyses were conducted using the matched cohorts. A logistic regression model was used to calculate the ORs with 95% CIs. Smoking status (ever-smoker or neversmoker) was included only as a covariate, and no other covariates were included in the logistic regression model because the two cohorts were well balanced after PSM.
Endpoints
The primary endpoint of this study was the incidence of 30-day postoperative complications. Postoperative complications were identified from the database (postoperative complication-specific 'T codes' or ICD-10 codes in combination with a flag for 'postoperative complications'; see online supplementary table 3); if two or more complications were found within 30 days after the surgery, the earliest-observed complications were used for the analysis. Secondary endpoints were the following: (1) 30-day mortality and (2) total medical costs calculated from the insurance claims data. Thirty-day mortality was defined as all-cause death occurring before discharge from the hospital or within 30 days after the surgery (if hospitalisation was longer than 30 days). The total medical costs were defined as all medical expenses charged for each patient from admission to death including hospitalisation costs, examination costs, medical procedure costs and medication costs. As a subgroup analysis, the incidence of 30-day postoperative complications per organ/tissue category was also investigated (see online supplementary table 4).
Statistics
All statistical analyses and the subsequent quality check of the results were conducted by an independent third party (EPS, Tokyo, Japan) using SAS software, version 9.4 (SAS Institute), according to the preapproved protocol and statistical analysis plan.
Patient or public involvement
No patients or members of the public were involved in the design or planning of this study.
reSultS

Patient characteristics
A total of 1 029 368 patients, who had been hospitalised to have an elective surgery were identified from the MDV database (out of about 25 000 000 patients registered). Among them, 467 770 patients were excluded from the analysis based on the exclusion criteria, leading to a final cohort consisting of 561 598 eligible patients (190 686 ever-smokers and 370 912 never-smokers; Fig. 1 ). Demographic and clinical characteristics of ever-smokers and never-smokers are shown in Table 1 . Compared with never-smokers, the percentage of males was much higher among ever-smokers, and ever-smokers had a greater number of comorbidities. In particular, coronary heart disease, hepatic dysfunction, hypertension, diabetes mellitus, cancer, infectious disease and COPD were significantly higher in ever-smokers. Mean age was similar between ever-smokers and never-smokers. The mean (±SD) Brinkman Index in the ever-smokers was 687.1±552.7. PSM at 1:1 ratio created matched eversmoker and never-smoker cohorts (n=1 55 593 each cohort). Table 2 shows the demographic and clinical characteristics of ever-smokers and never-smokers in the matched cohorts. Because the calculated standardised difference was less than 0.1 for all covariates considered for the estimation of the PSs, the ever-smokers and neversmokers in the matched cohorts were thought to be well balanced.
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Postoperative complications in crude cohorts
Thirty-day postoperative complications in the crude eversmoker and never-smoker cohorts are shown in Table 3 .
Complications were observed in 29.1% and 26.3% of Open access patients in the ever-smoker and never-smoker cohorts, respectively. Gastrointestinal and cardiovascular complications were observed at higher rates compared with other complications. The incidence rates of complications were higher in the ever-smoker cohort than in the never-smoker cohort.
Postoperative complications in matched cohorts
Risk of post-operative complications in ever-smokers was compared with that in never-smokers using the matched cohorts. Days of hospitalisation were not significantly different between the two cohorts (11.6±13.8 days for ever-smokers vs 11.4±13.7 days for never-smokers). Incidence rates of postoperative complications are shown in Table 3 . Overall, 30-day postoperative complications were shown in 27.4% of patients. Among these complications, gastrointestinal tract-related and cardiovascular complications were most common (12.2% and 11.6%, respectively). Incidence rates were higher in ever-smokers compared with never-smokers irrespective of the type of complications, and as is shown in Table 4 and Fig 2, smoking was significantly associated with higher risk of 30-day postoperative complications when compared with never-smokers (OR 1.15, 95% CI 1.13 to 1.17, p<0.001). Among target organs/tissues, all but surgeries on eyes or 'face, mouth or neck' were at significantly higher risk of 30-day postoperative complications in ever-smokers, with
Open access Table 4 ). Thirty day-mortality showed a similar trend. Smoking was significantly associated with postoperative 30-day mortality, with an OR of 1.22 (95% CI 1.08 to 1.39, p=0.002). Only surgeries on 'nervous system, head or CNS' were at higher risk of 30-day mortality in eversmokers compared with never-smokers; statistical significance was not obtained for other surgeries due to lower incidence rates of death within 30 days after the surgeries.
Medical cost during hospitalisation in matched cohorts
Total medical costs needed during the hospital stay were compared between matched ever-smoker and never-smoker cohorts. As is shown in table 5, smoking was significantly associated with higher medical costs.
Patients undergoing surgeries on most organs/tissues incurred higher medical costs if they were ever-smokers compared with never-smokers, although for 'urological system or adrenal gland' or genital tissue surgeries costs were higher in never-smoker cohorts.
DISCuSSIOn
In this study, we found that tobacco smoking was associated with poor postoperative outcomes in patients undergoing elective surgery. The investigation of the negative impact of active smoking on postoperative complications suggested that the risk of overall 30-day complications after surgery was increased by 15%. Smoking was also significantly associated with increased risk of 30-day mortality, by 22%. The relationship between elective surgery and its postoperative complications has been investigated in previous studies, most of which have shown an association of active smoking with poor postoperative outcomes, as was also shown here. In the present study, we investigated the impact of smoking on postoperative outcomes in patients undergoing any elective surgery, not only specific surgeries, unlike previous studies; we found that irrespective of target organs or types of surgery, smoking was associated with poor outcomes, almost without exception. One characteristic of our study was that the mean age of the patients used for the analysis, 65.1±13.8 years old for ever-smokers and 66.4±15.3 years old for never-smokers, was higher than those in the previous studies (40s-50s in most previous studies). This may be a result of the fact that Japan is a rapidly ageing society and the mean age of smokers is thus higher than that in other countries. The higher rate of postoperative complications (about 27% for all complications) could also be attributable to the higher mean age of the sample. In previous studies, the relationship between smoking and short-term postoperative complications was controversial; many studies failed to demonstrate association between smoking and poor cardiovascular outcomes, 5 15-17 whereas in the present study the risk of cardiovascular complications was significantly associated with smoking (OR 1.25, 95% CI 1.20 to 1.31). This difference could also be attributed to the higher age of the population at a higher risk of cardiovascular complications, whose incidence rate was about 10% (n=29 677 out of n=3 11 186). Regarding CNS, there are also conflicting results regarding the effects of smoking on postoperative outcomes. The present study shows the harmful effects of smoking, while in some other previous studies, an association between smoking and postoperative outcomes was not demonstrated. 18 19 Reasons for such a discrepancy are not clear; however, it might come from the difference in definitions of smokers. Former smokers were included in the smoker group in the present study, while previous studies separated former and current smokers. In addition, differences in the target populations might underlie the differences in the results.
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The mechanism underlying smoking-associated poor postoperative outcomes is not clear, although several possible mechanisms have been proposed. It has been suggested that smoking could affect mucus transport and/or production in the pulmonary tract, 20 21 promote pulmonary inflammation 22 and ameliorate the pulmonary immune system, 23 resulting in pulmonary complications including respiratory dysfunction and pneumonia. It is also suggested that smoking-delivered substances including nicotine and carbon monoxide could have Open access effects on the cardiovascular system, including on vascular tone and/or platelet activities, 24 25 which might in turn be related to cardiovascular complications or impaired wound healing. In this way, smoking-derived substances/ molecules and smoking-induced ischaemia might act together to cause postoperative complications.
In the present study, comparisons were made between ever-smokers and never-smokers. The ever-smoker cohort contained former smokers who had quit smoking at the timing of surgery due to the limited availability of data regarding their current smoking status. Therefore, unfortunately, it is unclear in this study whether smoking cessation before the surgery could reduce the risk of poor postoperative outcomes. It is likely that the timing of smoking cessation might be critical. It has been suggested that smoking cessation at least 4 weeks before surgery could decrease the risk of postoperative complications. 11 12 In Japan, the Japanese Society of Anesthesiologists has issued 'Guideline for Perioperative Smoking Cessation', where smoking cessation at least 4 weeks before elective surgery is recommended to reduce the risk of postoperative complications. 26 However, the days until elective surgery are less than 4 weeks for many patients in general practice. Therefore, an important question is 'how long is long enough' for smoking cessation to significantly reduce the risk of postoperative complications, which could differ depending on the duration of past smoking. Further study is necessary to elucidate the minimum duration of preoperative abstinence to obtain significant or maximal effects of smoking cessation.
Regardless, a systematic programme to educate patients undergoing elective surgery about the harmful effects of smoking should be established.
In conclusion, our results suggest that smoking, current or past, could be associated with a higher risk for poor postoperative outcomes. In particular, smoking may increase the risk of 30-day postoperative complications as well as that of 30-day mortality. The results suggest that smoking might have a harmful effect on postoperative outcomes, irrespective of the type of surgery.
lIMItAtIOnS Retrospective analyses using claims data from the DPC hospitals have several intrinsic limitations, and certain biases are to be expected. First, smoking status was determined only by using self-reported Brinkman Index. This likely led some smokers to be included in the neversmoker group because they did not correctly report their smoking status, which could lead to an underestimation about the effects of smoking. In addition, we could not distinguish current smokers from former smokers, and both were included in the ever-smoker cohort, which might have a significant impact on the results, and the effects of smoking cessation before surgery was not investigated in the present study. Second, this analysis investigated the relationship between smoking status and incidence of complications; severity of complication was not considered. Although the total medical cost during the hospital stay could be affected by severity of complications, we did not carry out any further analysis. Third, covariates used for calculation of PS were selected based on previous studies. However, patient background might not be balanced in variables that were not considered for PS. Fourth, the present study only elucidated the association between smoking status and postoperative outcomes but could not determine a causal relationship. It should be noted that the effects of smoking cessation before elective surgery were not examined in the present study. Finally, our findings may not be widely generalised to other countries because healthcare systems differ from country to country.
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